Objectives: To explore three questions: 1) Do chronic stressors predict physiological dysregulation? 2) Is that relationship moderated by characteristics of the individual and his or her social environment? and 3) Do perceived levels of stress mediate the relationship between stressors and dysregulation? Methods: Data come from a nationally representative, longitudinal study of older Taiwanese (n ϭ 916). Regression models are used to examine the relationship between the number of life challenges (i.e., stressors) during 1996 to 2000 and physiological dysregulation (in 2000) based on 16 biomarkers that reflect neuroendocrine function, immune system, cardiovascular function, and metabolic pathways. We include interaction terms to test whether psychosocial vulnerability moderates the impact of stressors. Additional models evaluate the mediating effects of perceived stress. Results: We find a positive association between the number of stressors and physiological dysregulation. The results indicate that this relationship is stronger for persons with greater psychosocial vulnerability, but even so, the magnitude of the effect remains modest. We find some evidence that the level of perceived stress mediates the relationship between chronic stressors and physiological dysregulation. Conclusions: Our results provide some support for the theory of allostatic load, although the relationship between life challenges and physiological dysregulation is weak. The evidence also supports the stress-buffering hypothesis: the combination of low social position, weak social networks, and poor coping ability is associated with greater physiological consequences of life challenges.
INTRODUCTION
T he idea that the chronic stressors of contemporary life can have adverse health consequences is receiving increasing attention in both popular and scientific media. The numerous theories that propose possible mechanisms to explain this link all share the sometimes implicit-perhaps obvious-assumption that there are physiological pathways through which stressors affect health. Most researchers also agree that potentially stressful life events ("stressors") do not affect everyone in the same way.
Our theoretical model ( Figure 1 ) is based on earlier paradigms (1,2) that posit that physiological response to a stressor depends on a person's perception or interpretation. These perceptions, in turn, are shaped by the social environment and individual characteristics. Over time, repeated or prolonged physiological response to life challenges may have a cumulative effect on health. Many studies have tested the link represented by the arrow between physiological dysregulation and health outcomes (Figure 1) . There is also a large literature focusing on the overall association between stressors and health outcomes, but relatively few studies examine the intermediate link between chronic stressors and physiological dysregulation (3) .
We use longitudinal data from a nationally representative sample of older Taiwanese to examine several pathways through which chronic stressors result in physiological dysregulation. First, we explore the overall association between the number of stressors and physiological dysregulation. Second, we test the interaction implied by Figure 1 : do characteristics of individuals and their social environment moderate the effects of these life challenges on physiological dysregulation? Third, we assess whether the relationship between stressors and physiological dysregulation is mediated by perceived levels of stress. Most of what we know about the relationship between stressful experience and physiological response outside the laboratory has been established on the basis of data from Western populations. Here we use measures that are adapted to the Taiwanese context but retain comparability to earlier studies.
What is Allostatic Load and How is it Measured?
Allostatic load refers to the cumulative cost ("wear and tear") of repeated neuroendocrine response resulting from chronic environmental challenges (4) . According to the allostatic load framework, chronic stressors can cause dysregulation of multiple interrelated physiological systems, which if prolonged, may ultimately lead to deteriorations in health (4, 5) . Such dysregulation is characterized by elevated (or reduced) operating levels of biological parameters that reflect functioning of the sympathetic nervous system (SNS), hypothalamic-pituitary-adrenal (HPA) axis, immune system, and cardiovascular and metabolic processes.
Measures of allostatic load predict diverse health outcomes including cognitive and physical functioning, cardiovascular disease, and mortality (6 -10) . An initial realization of allostatic load was a simple count of the number of biomarkers out of 10 for which individuals fell into the highest risk quartile (8) . More recent formulations incorporate additional biomarkers believed to be associated with the stress response (e.g., inflammatory parameters) and define risk in both tails of the distribution where appropriate (10).
Link Between Stressful Life Events and Physiology
Many studies have investigated the relationship between stressors and physical or mental health (11) (12) (13) (14) , but fewer works address the physiological pathways linking stressful life events to health outcomes. Most studies of physiological parameters focus on the response to acute experimental challenges rather than the long-term effects of chronic stressors.
Few studies have demonstrated an association between stressful life events and a measure of multisystem physiological dysregulation (15) (16) (17) (18) (19) . Rather, most have focused on individual biological measures believed to be part of the stress response. For example, several studies have found stressful experience to be associated with both higher (20 -22) and lower levels of cortisol (23) . Whereas some research has demonstrated that life challenges are associated with higher levels of urinary epinephrine or norepinephrine (22, 24) , others found no such relationship (21, 25) . Other evidence suggests that life challenges may contribute to higher levels of interleukin-6 (IL-6) (26, 27) , dehydroepiandrosterone sulfate (DHEAS) (28) , blood pressure (29 -31) , cholesterol (32) (33) (34) , triglycerides (31) , and glycosylated hemoglobin (35) (36) (37) .
Social Environment and Individual Characteristics as Moderators
The model shown in Figure 1 implies that characteristics of individuals and their social environment can influence physiological dysregulation a) directly, and b) by moderating the impact of stressors (i.e., "stress-buffering" mechanism) (38) . We consider several factors that reflect psychosocial vulnerability to stressors: social connection, social status, personality, and coping skills. Considerable research has documented the impact of social networks and support on health outcomes (39) , but only with the recent inclusion of biological markers in social surveys have we been able to explore the effects of the social environment on physiological markers of health. Analyses based on data from Taiwan (19, 40) confirm earlier findings from US data regarding the importance of inadequate social support for physiological dysregulation, although the association seems to be weaker than in Western societies (41, 42) .
Social status may affect both exposure to stressors and access to resources that enable one to effectively cope with those stressors (2, 43) . Education is a particularly important determinant of social status and upward mobility in Taiwan (44) . Elderly Taiwanese adults with no education report higher levels of stress than their educated counterparts (45) . Studies in Taiwan find an association between education and physiological dysregulation for women, but not men (40, 46) .
Individual attributes related to personality and coping skills may also influence perceptions of stressful experience and the physiological impact of stressors (47) . For example, optimism is associated with lower levels of subsequent perceived stress (48, 49) and better adjustment to stressful events (50, 51) . Similarly, a sense of personal mastery may moderate the health consequences of stressors (52, 53) .
METHODS Data
Our data are from a follow-up of the Survey of Health and Living Status of the Near-Elderly and Elderly in Taiwan. The survey began in 1989 with a national sample of 4049 persons aged Ն60 years (response rate ϭ 92%), and was expanded in 1996 to include 2462 persons aged 50 to 66 years in 1996 (response rate ϭ 81%). Both cohorts were interviewed in 1999 (response rate ϭ 90% of survivors).
Among those interviewed in 1999, a random subsample was selected for the 2000 Social Environment and Biomarkers of Aging Study (SEBAS); persons Ն71 years (in 2000) and residents of urban areas were oversampled. SEBAS consisted of an in-home interview and a hospital examination: 1497 persons aged Ն54 years provided interviews in SEBAS (92% of survivors) and 1023 participated in the physical examination (68% of those interviewed). Of the 474 who did not undergo the examination, 111 were not asked to participate based on exclusion criteria. Disproportionately high nonparticipation rates were found among the healthiest respondents as well as the least healthy, with persons who received the medical examination reporting the same average health status as those who did not. In the presence of controls for age, estimates from the medical examination portion of SEBAS are unlikely to be seriously biased (54) .
The Institutional Review Boards of the three participating institutions approved the survey procedures, and written informed consent was obtained for participation in the interview and physical examination. SEBAS respondents who participated in the medical examinations collected a 12-hour overnight urine sample (7 PM to 7 AM), fasted overnight, and visited a nearby hospital the following morning. Compliance with the urine collection protocol was extremely high. Medical personnel drew a blood sample and took blood pressure and anthropometric measurements during the hospital visit.
Measures

Physiological Dysregulation
Blood and urine specimens were analyzed at Union Clinical Laboratories (UCL) in Taipei. In addition to routine standardization and calibration tests performed by the laboratory during the early stages of fieldwork, nine individuals (outside the target sample) contributed triplicate sets of specimens. The results indicate intralaboratory reliability of Ն0.86 for duplicates sent to UCL and interlaboratory correlations of Ն0.65 between results from UCL and Quest Diagnostics (in the US). 
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The physiological dysregulation score is based on 16 biomarkers that reflect neuroendocrine, immune system, cardiovascular function, and metabolic pathways. Body mass index (BMI) was calculated as weight divided by height squared (kg/m 2 ) and the waist/hip ratio was based on waist circumference measured at its narrowest point and hip circumference measured at the maximal buttocks. Diastolic and systolic blood pressure measurements were calculated as the average of two seated readings (1 minute apart) taken by a registered nurse (using a mercury sphygmomanometer on the right arm) at least 20 minutes after the respondent arrived at the hospital.
Epinephrine, norepinephrine, dopamine, and cortisol were obtained from the overnight urine specimen, which provides integrated values of these neurotransmitters and hormones for a period when most participants were at home and resting; these markers are reported as micrograms per gram creatinine to adjust for body size. The remaining markers were obtained from the fasting blood specimen: DHEAS, IL-6, insulin-like growth factor 1 (IGF-1), triglycerides, total serum cholesterol, the ratio of total serum cholesterol to high-density lipoprotein (HDL) cholesterol, glycosylated hemoglobin, and fasting glucose. The assays used to measure the biomarkers from the blood and urine samples are described elsewhere (3) .
The physiological dysregulation score counts the number of biomarkers for which the individual's value is below the 10th percentile (or below assay sensitivity in the case of epinephrine and IL-6) or above the 90th percentile. For comparability with previous research, we identify elevated risk with only one end of the distribution for DHEAS (Ͻ10%) and the ratio of total to HDL cholesterol (Ͼ90%).
Number of Stressors
Surveys in 1996, 1999, and 2000 include extensive information regarding potential stressors and variables that may moderate the effects of stressors. We present results based on one strategy for consolidating these data and provide information about alternative measures in the discussion section.
Our measure of chronic stress is derived from a count of the number of stressors at each wave (1996, 1999, and 2000) . Stressors comprise experiences that most people would find anxiety provoking: marital disruption, moving, death of a child, spouse's ill health, financial difficulty, decline in financial position, serious consequences of the 2000 earthquake, and crime/ fraud victimization (data vary across waves) (Appendix Table A1 ). If data are missing for one of the six stressors in a given wave, we sum across the five valid responses and multiply by 1.2 so that all scores are on the same scale (0 -6). Subsequently, we aggregate the number of stressors across all three waves (potential range ϭ 0 -18). If data are missing for more than one stressor in any wave, the respondent is excluded from analysis.
Psychosocial Vulnerability
We incorporate 12 measures that reflect psychosocial vulnerability into our models in two ways. First, we allow for direct associations between physiological dysregulation and each indicator of vulnerability. Second, we construct a summary measure, which we interact with number of stressors to model the stress-buffering mechanism. We use the summary measure rather than individual components of vulnerability in the interaction because we have limited statistical power and because we believe that the presence of one psychosocial resource may compensate for the absence of another. Descriptive statistics for the individual indicators and the summary measure of vulnerability are given in Table 1 .
Social Networks
Six of our 12 measures of vulnerability relate to social networks and support. In Taiwan, older adults traditionally live with their oldest son; thus, co-residence with adult children may be an important component of social networks. We include whether the respondent lives with his/her child(ren) at the time of the 1996 and 1999 survey waves: neither wave (0), one wave (1), both (2) . A second measure, coded in a similar manner (0 -2), assesses whether the respondent has weekly contact with at least one nonresident child in 1996 and 1999. Given the importance of the extended family in Taiwanese culture, we measure other social ties separately for relatives and nonrelatives. Two variables count the number of relatives (other than the respondent's children) and nonrelatives with whom the respondent reports having regular contact; we sum the number of these ties across 1996 and 1999 waves.
Respondents were asked about 11 types of social activities that are common in Taiwan: 1) playing games (e.g., mahjong); 2) chatting with relatives, friends, or neighbors or drinking tea socially; 3) group activities (e.g., Tai Chi); 4) doing volunteer work; and participating in 5) religious associations, 6) professional groups (e.g., farmer's association), 7) political groups, 8) village or lineage associations, 9) elderly clubs, 10) neighborhood associations, and 11) social service groups. For 1996 and 1999, we count the number of these activities the respondent participated in if at least nine items have valid responses (if one or two items are missing, we sum across valid items, divide by the number of valid items, and multiply by 11 so that the scale is the same for all respondents). We sum the number of activities across waves (potential range ϭ 0 -22).
Emotional support is assessed in 1996 and 1999 from questions asking respondents how willing others are to listen to them, take care of them when they are ill, make them feel loved and cared for, and how satisfied they are with the overall level of emotional support received; each item is coded on a 0 to 4 scale. An index is created by summing the two sets of four items and dividing by the number of valid items (if at least six items are valid); range is 0 to 4, and ␣ reliability is 0.84.
Position in Social Hierarchies
Two indicators reflect social position: the respondent's education and a socioeconomic index (SEI) for the major lifetime occupation of the respondent (if male) or (most recent) spouse (if female). The SEI was developed by Tsai and Chiu (55) specifically for Taiwan using a strategy applied by Duncan (56) and Featherman and Stevens (57) to the US. The score ranges from 55.1 for farm laborers to 76.1 for doctors and is missing for the two female respondents who never married. The observed range is shown in parentheses.
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Internal Resources
Four indicators relate to individual characteristics that may affect one's ability to cope with stressors. Locus of control is based on five items (coded 0 -4) from the Pearlin scale (58) included in the 2000 interview. The index is computed by summing across items (if at least four are valid) and dividing by the number of valid items (range ϭ 0 -3, where 3 ϭ greater personal mastery); the ␣ reliability is 0.73.
Engagement is based on two questions asked in 1996 and 1999: "Do you find what you do interesting?" and "Do you feel that most of what you do is monotonous and of no interest?" We assign 1 point each for a "yes" response to the first and a "no" to the second question, and then sum across both waves (range ϭ 0 -4).
Optimism is based on the following question asked in 1996 and 1999: "Do you expect that in the future happy things will occur?" One point is assigned for each "yes" response (range ϭ 0 -2).
In 1996, respondents were asked to rate (4-point scale) the importance of seven advantages of growing old (e.g., can spend more time with spouse and/or children). If an item is not applicable (e.g., respondent does not have a spouse), it is coded 0. The items are summed (if at least 5 items are valid) and divided by the number of valid items (range ϭ 0 -3, where 3 ϭ more positive view of growing old); the ␣ reliability is 0.75.
Overall Vulnerability
Using the 12 vulnerability indicators, we create a summary measure by: 1) reverse-coding each variable so that higher values indicate greater vulnerability; 2) standardizing each indicator to have a mean of 0 and standard deviation (SD) of 1; and 3) summing across all indicators (range ϭ Ϫ16.6 to 16.8).
Perceived Stress
Perceived stress is based on the respondent's report (in 2000) of whether each of seven situations "makes you feel stressed or anxious." Three of these situations refer to the respondent's life (own financial situation, job, and getting along with family members), and an additional four items pertain to family (the family's or children's health, financial situation, job, and marital situation). Each item is coded on a 3-point scale: no (0), some (1), a lot of stress (2) . "Not applicable" responses are assigned a value of 0. The index is calculated by summing across all items if there are at least six valid items: if one is missing, we rescale the index using a multiplier of 7/6. The potential range for this index is 0 to 14; the ␣ reliability is 0.78.
Control Variables
Demographic controls include age, sex, and urban residence. Age is measured as of the 2000 interview based on the respondent's reported date of birth.
Analytical Strategy
The analysis sample consists of 851 SEBAS participants, excluding 10 participants missing data on at least one of the biomarkers, 53 for whom a proxy completed one of the interviews, and 109 who were missing one of the covariates. Descriptive statistics shown in Table 1 are weighted to compensate for oversampling by age and urban residence.
For regression models, we use a robust estimator of variance and adjust for clustering by primary sampling units to produce corrected standard errors (59) . Using a linear model, we first regress the physiological dysregulation score on the number of stressors and control variables. In the second model, we add the individual indicators of vulnerability as main effects and the interaction term between overall vulnerability (which is a linear combination of the individual variables) and number of stressors. The third model adds the index of perceived stress.
Finally, we estimate two linear models using the perceived stress index as the dependent variable. These models include the same covariates described above for models 1 and 2, respectively.
RESULTS
The mean physiological dysregulation score was 3.4 and the mean number of stressors across the waves was 2.8 (Table   1 ). On average, this sample scored 1.7 (possible score ϭ 14) on the perceived stress index.
Results from models predicting physiological dysregulation are presented in Table 2 . Model 1 confirms a significant association between number of stressors and physiological dysregulation, although the magnitude is small: a 1-SD increase in stressors (2.1 additional stressors) is associated with a 0.09-SD increase in the dysregulation score (0.17).
Model 2 tests for the main effects and stress-moderating influences. Among the 12 indicators of psychosocial vulnerability, only one of the main effects is statistically significant: a stronger internal locus of control is associated with lower levels of dysregulation. The coefficient of the interaction term indicates that the relationship between the number of stressors and dysregulation is stronger among those with greater vulnerability, but the effect remains small. For example, for a person whose vulnerability score is 1 SD above the mean, a 1-SD increase in stressors is associated with a 0.11-SD increase in dysregulation.
Model 3 investigates whether perceived stress mediates the effects of stressors on dysregulation. If so, we would expect the coefficients associated with the number of stressors to be substantially attenuated after adding perceived stress to the model. The results show limited evidence of such mediating effects: the magnitude of the main effect for stressors shrinks to virtually nil, but there is little change in the interaction effect. We find a direct relationship between perceived stress and physiological dysregulation as implied by Figure 1 , but again the magnitude is small: a 1-SD increase in the perceived stress index is associated with a 0.12-SD increase in the dysregulation score.
If perceived stress mediates the effects of stressors on dysregulation, there should also be a direct relationship between stressors and perceived stress (Figure 1) . The estimates from model 1 of Table 3 confirm the expected positive relationship between the number of stressors and perceived stress. However, in model 2, we find no evidence that the relationship between stressors and perceived stress is conditioned by the level of vulnerability.
DISCUSSION
Because the key variables in our models could have been defined in many ways, we carried out extensive exploratory analyses to assess the robustness of our results. First, we tested several ways of modeling stressors (e.g., grouping stressors by domain, time period, or duration). Second, we explored alternative specifications for vulnerability (e.g., summary measures for the three domains of vulnerability, categorical measures of vulnerability). Third, we tested for a nonlinear relationship between stressors and physiological dysregulation. Finally, we performed analyses that incorporated additional waves (1989 and 1993) of the survey based on persons Ͼ70 years old. Our results changed little across these alternative specifications.
The findings suggest that the combination of low social position, weak social networks, and limited internal resources can render individuals more vulnerable to the adverse conse-
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quences of life challenges, although the magnitude of the association is small. Auxiliary analyses (not shown) demonstrate that this finding is robust to the inclusion of baseline controls for mobility limitations, cognitive function, and depressive symptoms. Although these results indicate a stressbuffering mechanism, we find little evidence that components of vulnerability are directly associated with physiological dysregulation. This distinction between direct and moderating effects is important for researchers developing theoretical models describing the linkages among the social environment, life challenges, and biological response.
We propose several alternative explanations for the weak relationship between stressors and physiological dysregulation. First, it is impossible to retrospectively construct an 
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accurate, detailed picture of lifetime exposure to stressors in a large-scale survey of an older population. A second factor is sample attrition-because of the strong association between physiological dysregulation and survival (6), individuals with the greatest lifetime exposure to stressors and the highest vulnerability are more likely than others to have died before the most recent interview and, thus, to have been excluded from the sample. Additional analyses indicate that 1) individuals with a greater number of stressors in 1996 were more likely to die by 2000; and 2) among survivors with higher levels of vulnerability, stressors were inversely associated with completion of the examination. To further explore the effects of attrition, we fit a logit model with the outcome variable equal to one for those who died between 1996 and 2000 (n ϭ 543) or those who scored Ն4 on dysregulation in 2000 (n ϭ 415) and zero for those who scored Ͻ4 on dysregulation (n ϭ 486). Results (not shown) indicate that the number of stressors in 1996 has a stronger association when deaths are included (odds ratio (OR) ϭ 1.21; p Ͻ .001) than when deaths are excluded (OR ϭ 1.12). This evidence suggests that mortality (and perhaps other attrition) leads us to underestimate the magnitude of the association between stressors and dysregulation. Our measure of physiological dysregulation has several limitations: 1) it excludes physiological and genetic markers that are likely to be important components of the stress response, some of which are impossible to measure in this type of fieldwork; 2) the designations for high and low values on many of the markers are arbitrary because little is known about appropriate cut-offs; 3) SEBAS collected these biomarkers at a single time; and 4) a dysregulation score that combines numerous biomarkers may obscure important relationships with individual measures. The last issue is a major shortcoming that characterizes all measures of allostatic load.
Although we attempted to construct culturally appropriate measures that were analogous to measures used in a Western context, our identification of a weak relationship between life challenges and physiological dysregulation in Taiwan may not be generalizable to other non-Western contexts or to other populations. We expected that the central role of family in Taiwanese social interactions would be reflected in the importance of co-residence or contact with children and other family members, but we found no evidence to support the idea that familial ties matter more than nonfamilial ties. We have speculated elsewhere (40) that the emphasis on familial ties may result in high overall levels of social integration in Taiwan, in turn resulting in lower vulnerability relative to more individualistic Western populations. We also recognize that we have not fully captured the cultural context in our statistical models.
Our results suggest that the association between stressors and physiological dysregulation we do observe in Taiwan is not fully mediated by perceived stress, perhaps because our index of perceived stress (measured in 2000) does not adequately reflect the effect of challenges in earlier years, or perhaps because respondents are unwilling to report negative emotions to interviewers. An alternative explanation is that life events may have physiological consequences even if individuals do not perceive them as stressful.
The relationship between life challenges and physiological response proposed by the theory of allostatic load cannot be tested in a laboratory. Despite the difficulty of collecting the requisite biological and experiential information, such an analysis requires observational data from a population-based sample. SEBAS provides a rare opportunity to evaluate the hypothesized link between chronic stressors and allostatic load. Our results suggest that efforts to improve psychosocial resources may reduce an individual's vulnerability to adverse physiological consequences of stressors, although the impact may be small. A second wave of SEBAS, completed in early 2007, provides additional biological measures associated with the stress response as well as reports of traumatic experiences, major life events, daily hassles, and stress-reducing activities that will enable us to investigate these relationships further. 
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